The Kidney Allocation System (KAS), a major change to deceased donor kidney allocation, was implemented in December 2014. Goals of KAS included directing the highest-quality organs to younger/healthier recipients and increasing access to deceased donor kidney transplantation (DDKT) for highly sensitized patients and racial/ethnic minorities. Using national registry data, we compared kidney distribution, DDKT rates for waitlist registrants, and recipient characteristics between January 1, 2013, and December 3, 2014 (pre-KAS) with those between December 4, 2014, and August 31, 2015 (post-KAS). Regional imports increased from 8.8% pre-KAS to 12.5% post-KAS; national imports increased from 12.7% pre-KAS to 19.1% post-KAS (P,0.001). The proportion of recipients .30 years older than their donor decreased from 19.4% to 15.0% (P,0.001). The proportion of recipients with calculated panelreactive antibody =100 increased from 1.0% to 10.3% (P,0.001). Overall DDKT rate did not change as modeled using exponential regression adjusting for candidate characteristics (P=0.07). However, DDKT rate (incidence rate ratio, 95% confidence interval) increased for black (1.19; 1.13 to 1.25) and Hispanic (1.13; 1.05 to 1.20) candidates and for candidates aged 18-40 (1.47; 1.38 to 1.57), but declined for candidates aged .50 (0.93; 0.87 to 0.98 for aged 51-60 and 0.90; 0.85 to 0.96 for aged .70). Delayed graft function in transplant recipients increased from 24.8% pre-KAS to 29.9% post-KAS (P,0.001). Thus, in the first 9 months under KAS, access to DDKT improved for minorities, younger candidates, and highly sensitized patients, but declined for older candidates. Delayed graft function increased substantially, possibly suggesting poorer long-term outcomes.
On December 4, 2014, major changes to the algorithm for deceased donor kidney allocation priority were implemented, under the name Kidney Allocation System (KAS). Major changes included crediting time on dialysis prior to listing as accumulated wait time, preferentially allocating kidneys with kidney donor profile index (KDPI),20% to the healthiest 20% of candidates as determined by Estimated Post Transplant Survival score, and increasing priority for candidates with calculated panel reactive antibody (CPRA)$98%. 1, 2 Goals of the KAS included improving access to transplantation for highly sensitized candidates and for racial minorities (who face increased risk of delays prior to listing), 3 and improving allograft utility (i.e., improving allograft longevity and reducing death with a functioning graft) by allocating the best organs to candidates with the best predicted post-transplant survival. 1, 2 The KAS represents the most significant change to the kidney allocation algorithm in over 20 years. 2 Prior to implementation of KAS, a simulation study suggested that KAS would increase access to deceased donor kidney transplantation (DDKT) for highly sensitized candidates and younger candidates, with minimal changes in access by race or ethnicity. 2 However, changes to allocation policy can have complicated and unintended effects. 4, 5 Bray and colleagues predicted that KAS might be unsuccessful in increasing DDKT access for highly sensitized candidates (particularly among female and minority candidates), and might increase cold ischemia time (CIT). 5, 6 In order to understand early changes to deceased donor kidney allocation and utilization in the 9 months following KAS implementation, we performed a retrospective study of DDKTwaitlist registrants and recipients using national registry data. The goals of our study were to compare DDKTutilization, transplant rate, and early post-transplant outcomes from the pre-KAS era (prior to December 4, 2014) to the post-KAS era (December 4, 2015 and onwards), as well as secular trends within the post-KAS era.
RESULTS

Distribution of Deceased Donor Kidneys Pre-and Post-KAS
In the pre-KAS era, there were 28,514 deceased donor kidneys offered for transplant, of which 5190 (18.2%) were discarded. In the post-KAS era, there were 11,900 deceased donor kidneys offered for transplant, of which 2344 (19.7%) were discarded (P,0.001). In an unadjusted analysis, odds of discard increased 10% in the post-KAS era (odds ratio [OR] =1.10; 95% confidence interval [95% CI], 1.03 to 1.18; P,0.01). The increase in discards was observed only among kidneys with KDPI of $70 (Figure 1 ). In a model adjusting for donor KDPI and year of recovery, there was no evidence of change in discard among kidneys with a KDPI,70 (OR=1.02; 95% CI, 0.92 to 1.14; P=0.7), but odds of discard increased by 29% among kidneys with a KDPI of 70 or higher (OR=1.29; 95% CI, 1.15 to 1.43; P#0.001).
There were 20,692 kidney-only deceased donor transplants in the pre-KAS era, and 8481 in the post-KAS era. The proportion of regional imports increased from 8.8% to 12.5%; the proportion of national imports increased from 12.7% to 19.1% (x 2 P,0.001). Median (interquartile range [IQR]) CIT was 15.8 (10.7-21.8) hours in the pre-KAS era and 16.8 (11.4-23.2) hours in the post-KAS era (rank-sum P,0.001). CIT increased by an average of 6% in the post-KAS era (proportional increase =1.06; 95% CI, 1.04 to 1.08; P,0.001). After adjusting for export status, there was no evidence of change in CIT associated with KAS (proportional increase =1.00; 95% CI, 0.99 to 1.02; P=0.99), indicating that the increase in CIT was fully mediated by the increase in regional and national exports.
Characteristics of DDKT Recipients Pre-and Post-KAS Age at transplant decreased from median (IQR)=55 (43-63) pre-KAS to 52 (40-62) post-KAS (P,0.001; Table 1 ). The proportion of black recipients increased from 31.7% pre-KAS to 37.2% post-KAS (P,0.001); the proportion who were Hispanic increased from 16.9% pre-KAS to 18.4% post-KAS (P,0.001). For comparison, 33.4% of active waitlist registrants on January 1, 2015 were black and 20.4% were Hispanic. The proportion of zero-mismatch recipients declined from 8.5% pre-KAS to 4.5% post-KAS (P,0.001). The correlation between donor age and recipient age increased from 0.35 pre-KAS to 0.38 post-KAS; the proportion of recipients who were more than 30 years older than their donor decreased from 19.4% pre-KAS to 15.0% post-KAS (P,0.001; Figure 2 ).
CPRA and Access to Transplantation
The proportion of recipients with a CPRA of 0 decreased from 58.7% pre-KAS to 53.9% post-KAS, and the proportion with a CPRA of 81-97 decreased from 11.5% to 7.2%; conversely, the proportion of recipients with a CPRA of 99 increased from 1.3% to 3.6%, and the proportion with a CPRA of 100 increased from 1.0% to 10.3% (P,0.001; Table 1 ). Calculated month-to-month, the proportion of transplant recipients with CPRA=100 remained ,2% from January to November 2014 ( Figure 3 ). However, this proportion increased to 13.2% in December 2014, declining gradually to 7.1% in August 2015 ( Figure 3 ). During the post-KAS era, the proportion of recipients with CPRA=100 declined by 7.2% per month, suggesting a trend toward a steady state; the decline was statistically significant (OR=0.93; 95% CI, 0.90 to 0.95; P,0.001). The proportion of waitlist registrants with CPRA=100 declined slightly pre-KAS from 7.4% in January 2014 to 7.0% in December 2014, declining further to 5.7% in August 2015 (Figure 3 ). The amplified decline in waitlist prevalence of CPRA=100 post-KAS was statistically significant (P,0.001). 
DDKT Rate Pre-KAS
In both the pre-KAS and post-KAS eras, transplant rate varied widely with candidate characteristics (Table 3 ). In the pre-KAS era, candidates of ABO type A (incidence rate ratio (IRR) =1.56; 95% CI, 1.51 to 1.60) or AB (IRR=2.57; 95% CI, 2.42 to 2.74) and pediatric candidates (IRR=6.97; 95% CI, 6.52 to 7.44) had a higher rate of DDKT (all P,0.001). Candidates of ABO type B (IRR=0.89; 95% CI, 0.85 to 0.93), and black (IRR=0.90; 95% CI, 0.87 to 0.93), and Hispanic candidates (IRR=0.76; 95% CI, 0.73 to 0.79) had a lower rate DDKT (all P,0.001). Increased CPRA was associated with slightly lower DDKT rate for CPRA 0-80; CPRA exceeding the threshold of 80 was associated with a 5.1-fold increase in DDKT rate, but the DDKT rate declined sharply with higher CPRA in the range 80-100 (IRR per 10 units=0.28; 95% CI, 0.26 to 0.29; P,0.001). Overall, the transplant rate declined over time by 2% per year in the pre-KAS era (IRR=0.96; 95% CI, 0.94 to 0.99; P,0.01).
DDKT Rate Post-KAS
In the post-KAS era, candidates of ABO type A (IRR=1.44; 95% CI, 1.37 to 1.51) or AB (IRR=2.72; 95% CI, 2.48 to 2.99) and pediatric candidates (IRR=5.55; 95% CI, 4.98 to 6.20) continued to enjoy a higher rate of DDKT (all P,0.001). Candidates of ABO type B (IRR=0.90; 95% CI, 0.84 to 0.97) had a lower rate of DDKT than other patients, while blacks (IRR=1.15; 95% CI, 1.09 to 1.21) had a higher rate of DDKT than other patients (P,0.01). In contrast to the pre-KAS era, in the post-KAS era there was no association between CPRA and transplant rate for candidates with CPRA,80 (P=0.3), but the DDKT rate increased with higher CPRA in the range 80-100 (IRR per 10 units=1.24; 95% CI, 1.12 to 1.37; P,0.001).
Changes in DDKT Rate from Pre-KAS to Post-KAS Adjusting for candidate characteristics as well as wait time, there was no overall change in DDKT rate associated with KAS (IRR=1.04; 95% CI, 0.10 to 1.08; P=0.7; Table 4 ). However, there were statistically significant changes in transplant rate for some candidate subgroups. Transplant rate declined by 8% for nonblack candidates (IRR=0.92; 95% CI, 0.87 to 0.96; Figure 2 . Distribution of recipient age minus donor age, pre-and post-KAS. The correlation between donor age and recipient age increased from 0.35 to 0.38. The proportion of recipients who were more than 30 years older than their donor decreased from 19.4% pre-KAS to 15.0% post-KAS (P,0.001). 
DISCUSSION
In this national study of deceased donor kidney distribution and early outcomes in the first 9 months following implementation of KAS, the rate of deceased donor transplantation increased for blacks, Hispanics, and adults aged 18-50, and decreased for pediatric patients and adults aged .50. The proportion of transplant recipients with CPRA=100 increased dramatically from 2% pre-KAS to 12% immediately following implementation of KAS, but declined to 7% by August 2015.
The proportion of regional and national exports increased. Odds of discard increased by 29% among kidneys with KDPI of 70 or higher. Incidence of DGF increased in the post-KAS era, explained partly by increases in CIT.
In light of these findings, it is worth speculating about whether KAS has been successful so far in accomplishing its intended purpose. In some aspects, it has been: the rate of transplantation increased for black and Hispanic patients, perhaps as a result of the new method of crediting wait time prior to listing for purposes of allocation priority, and highly sensitized candidates have achieved greater access to transplantation in the post-KAS era. On the other hand, some changes are perhaps less salutary. Candidates with a CPRA of 100, formerly disadvantaged, are now actually overrepresented among transplant recipients, perhaps more than was originally intended with the priority added for this vulnerable population. That said, the proportion of transplant recipients with CPRA=100 has decreased over the past few months, suggesting that a bolus effect may be occurring. Also troubling are the increases in early post-KAS discard and DGF.
Our results should be understood in the context of unavoidable limitations of our study. As with all observational studies, our results are vulnerable to confounding, although we have adjusted for known and potential confounders collected by the Organ Procurement and Transplantation Network (OPTN). Our comparison of the pre-KAS era to the post-KAS era may also be affected by secular trends. However, we have Proportion of all DDKT recipients with CPRA=100% by month. Before implementation of KAS in December 2014, less than 2% of DDKT recipients had CPRA=100%. For comparison, the prevalence of CPRA=100% among waitlist registrants on December 1, 2014 was 7.0%. In the first month of KAS implementation, 11.9% of recipients had CPRA=100; this proportion declined to 7.1% in August 2015.
described some of these secular trends in our study; moreover, as the greatest change in the past 20 years following a long period of relative stasis in kidney allocation policy, KAS is likely significant enough to have overcome any short-term secular trends due to gradual changes in kidney supply and demand. Most importantly, with only 9 months of data in the post-KAS era, we cannot be sure that the trends we have observed will continue. Indeed, our data suggest that the increase of recipients with CPRA=100 was at least partly a transient bolus effect, although even after this bolus there remains a much higher transplant rate for this previously vulnerable population. Some other trends identified in our study may also attenuate or disappear in the long term. Nevertheless, even if this is the case, we believe that it is important to document short-term trends. Any allocation policy change will result in short-term effects to organ distribution, some possibly unintended, and understanding these effects might inform future policy changes. While long-term studies of waitlist and posttransplant outcomes will be necessary to fully evaluate KAS, our study identifies important changes to kidney distribution in the early post-KAS era that affect how providers manage their waitlists, how patients make decisions about organ offers, and even possibly how policymakers should re-evaluate the new priority for highly sensitized patients.
Changes to allocation policy involve a great deal of time, energy, and expense. 7 In the best case, allocation policy changes can lead to clear improvements in utilization. For example, following the Share-35 change to liver allocation, there were decreases in liver discard rate, geographic disparities, and waitlist mortality, with no evidence of change to post-transplant outcomes. 8 However, in absence of a decrease in discard, changes to allocation policy merely shift resources from one group of patients to another. In the face of inadequate organ supply, allocation will always involve winners and losers, and what constitutes a fair allocation strategy may not be clear-cut. 9 For example, pediatric candidates have substantially higher rates of DDKT than adults. Whether this is fair reflects not an objective cost/benefit calculus, but the values of the transplant community and the broader public.
Disparities in access to organ transplantation (with regards to demographics, ABO/HLA compatibility, sensitization, and other characteristics) persist, [10] [11] [12] and organ allocation policy is an appropriate tool to address these disparities. However, allocation policy changes alone cannot solve the problem of 
CONCISE METHODS
Study Population
This study used data from the Scientific Registry of Transplant Recipients (SRTR). The SRTR data system includes data on all donor, waitlisted candidates, and transplant recipients in the United States, submitted by the members of the OPTN, and has been described elsewhere 
Distribution of Deceased Donor Kidneys Pre-and Post-KAS
We compared the discard rate of deceased donor kidneys pre-KAS versus post-KAS by using a chi-squared test and by logistic regression, adjusting for KDPI (to account for any differences in kidney quality) and date of organ recovery (to account for possible secular trends apart from KAS), with an interaction term to separately test change in discard for kidneys with KDPI,70 and KDPI$70. We compared the proportion of regional and national imports pre-KAS versus post-KAS using a chi-squared test. We modeled the change in CIT (modeled with the functional form of ln[CIT+1]) pre-KAS versus post-KAS, both unadjusted and adjusting for regional and national import. In order to account for delays in reporting of CIT, CITanalyses included only transplants which occurred on or before April 30, 2015.
Characteristics of DDKT Transplants Pre-and Post-KAS
We compared characteristics of DDKT recipients (age, gender, race/ ethnicity characterized as black/Hispanic/all others, final CPRA, ABO blood type, share type [locally allocated within the organ procurement organization, shared within a multistate region, or nationally shared], and CIT) pre-KAS versus post-KAS using rank-sum tests for continuous variables and x 2 tests for binary and categorical variables.
CPRA and Access to Transplantation
Because exploratory data analysis indicated a post-KAS increase in the proportion of recipients with CPRA=100, we calculated the proportion of such recipients (as well as the proportion of prevalent waitlist registrants with CPRA=100) separately for each month during the study period to see whether this proportion varied over time post-KAS. We modeled secular trends in the proportion of DDKTregistrants/recipients with CPRA=100 during the post-KAS era using logistic regression.
KDPI Distribution
We compared DDKT kidney quality, as measured by the KDPI, preversus post-KAS for various recipient subgroups using rank-sum tests.
DDKT Rate Pre-and Post-KAS
To understand changes in access to DDKT in the post-KAS era, we modeled KAS-associated change in rate of DDKT among waitlist registrants using exponential (constant-hazard) regression as previously described, 8 censoring for mortality and other waitlist removals, adjusting for calendar year, log accumulated waitlist time, gender, ABO blood type, race/ethnicity, current age (classified as pediatric [,18 years] versus adult), and CPRA with a spline at 80. In addition to calculating an overall change in transplant rate, we calculated subgroup-specific changes in transplant rate using interaction terms, with separate models for separate subgroups (e.g., the model of race interaction was different from the model of gender interaction).
DGF Pre-and Post-KAS
We compared incidence of DGF pre-versus post-KAS using multilevel logistic regression, with a random intercept at the center level to account for potential baseline differences in DGF by center. 13 We created two models, one unadjusted and one adjusting for CPRA, ABO blood type, race/ethnicity, gender, and age at transplant. In order to account for delays in reporting of DGF, DGF analyses included only transplants which occurred on or before April 30, 2015.
Statistical Analyses
All analyses were performed using Stata 14.0/MP for Linux (StataCorp., College Station, TX).
